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ABSTRACT 


The  combined  techniques  of  molecular  beam  relaxation  spectroscopy  and  Auger 
electron  spectroscopy  have  been  used  to  study  the  reactions  of  H2  and  O2  on 
clean  iron  surfaces  and  of  Kr,  H2  and  O2  on  clean  silicon  and  germanium 
surfaces.  Results  include  adsorption  and  permeation  of  H  in  iron,  H2O  formation 
on  iron,  oxidation  of  iron,  volatilization  of  silicon  and  germanium  in  oxygen, 
krypton  physi sorption  on  germanium  and  H  adsorption  on  silicon. 


I.  DESCRIPTION  OF  PROJECT 


In  this  program,  a  range  of  surface  analytical  techniques,  including  Auger 
electron  spectrometry  (AES),  molecular  beam  relaxation  spectroscopy  (MBRS)  and 
thermal  desorption  spectroscopy  (IDS),  were  used  to  study  the  dynamics  of  chemical 
reactions  on  surfaces.  Information  obtained  includes  the  rate  of  formation  of 
adsorbed  or  product  species,  the  extent  of  surface  coverage  by  reaction  products  o 
intermediates,  the  surface  reaction  mechanism  and  the  rate  constants  for  the 
various  unit  reaction  steps.  This  information  has  been  used  to  deduce  the 
energetics  and  kinetics  of  adsorption  of  gases  on  metal  and  semiconductor  surfaces 
the  kinetics  of  a  bimolecular  surface  reaction  on  a  metal  surface,  and  the  kinetic 
of  volatilization  reactions  on  semiconductor  surfaces. 

II.  SUMMARY  OF  RESULTS  OBTAINED 

The  results  obtained  during  the  contract  period  fall  into  two  groups: 
Adsorption  and  reaction  of  gases  on  iron  surfaces  and  adsorption  and  reaction  of  i 
oxygen  on  silicon  and  germanium  surfaces. 

The  studies  on  iron  were  begun  during  a  previous  contract  period.  Efforts 
during  the  current  period  were  concentrated  on  interpretation  of  previously 
collected  data  and  preparation  of  the  resulting  conclusions  for  publication.  Thes 
results  are  described  in  Technical  Reports  Number  1-7,  and  have  been  published  as 
papers  1-7  in  the  section  on  Publications. 

The  experimental  work  carried  out  during  the  present  contract  period  involved 
the  use  of  molecular  beam  scattering  of  various  gases  from  Si (100)  and  Ge(lOO)  I 

I 

surfaces  to  determine  the  reaction  mechanisms  involved.  Progress  to  date  is  ! 

I 

summarized  below: 

j 

A.  Hydrogen  on  Si  (100);  An  attempt  was  made  to  determine  hydrogen  adsorptiotj 
kinetics  on  silicon  using  an  H2  molecular  beam.  The  experiment  yielded  a  null 


result.  The  activation  energy  for  dissociative  adsorption  is  apparently  too  high 
to  be  surmounted  at  the  available  beam  energy  and  surface  temperature.  This 
project  is  currently  in  abeyance  until  an  atomic  hydrogen  beam  source  can  be 
developed. 

B.  Oxygen  on  Si (100):  The  interaction  between  an  O2  molecular  beam  and  a 
Si (100)  surface  was  studied  by  ooth  AES  and  MBRS.  The  uptake  rate  at  low 
temperature,  as  measured  by  AES,  was  consistent  with  the  results  obtained  by  oth« 
(1,2).  MBRS  studies  were  abandoned  when  we  became  aware  of  published  results  by 
two  other  groups  using  similar  techniques  (1,2). 

C.  Krypton  on  Ge(lOO):  This  preliminary  study  was  carried  out  to  test  a 
previously-developed  deconvolution  technique  for  the  analysis  of  MBRS  data.  ! 

I 

Analysis  of  these  data  is  currently  in  progress. 

D.  Oxygen  Ge(lOO):  In  this  study,  we  are  using  MBRS  and  TDS  to  characterizi 
the  reaction  of  O2  with  Ge(lOO).  Both  static  dosing  and  molecular  beam  dosing 
are  being  used,  with  mass  spectrometric  detection.  Results  to  date  indicate  tha' 
the  oxygen  adsorption  process  has  an  activation  barrier  in  the  entry  channel.  W( 
is  continuing  under  alternate  sponsorship  to  complete  this  project. 
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! 
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I 
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